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ADDRESS. 


Gentlemen, 

When  you  conferred  upon  me  the  honour  of  electing 
me  your  Prefident,  it  was,  I believe,  the  wifh  of  fome  among  you 
to  give  rather  more  prominence  to  geological  ftudies  ; and  as  it  is 
now  my  duty,  as  well  as  pleafure,  to  addrefs  you  on  retiring  from 
office,  it  will,  perhaps,  be  expected  that  the  fubject  of  my  dif- 
courfe  fhould  bear,  more  or  lefs  clofely,  on  Geology,  or  the  allied 
fciences.  I will,  therefore,  avail  myfelf  of  the  opportunity  to 
requeft  your  attention  to  the  confideration  of  two  or  three 
queftions,  which  have  recently  received  a confiderable  amount  of 
difcuffion ; and  I fhall  feledt  them  from  different  branches  of  the 
fcience,  in  the  hope  that  one  or  more  of  them  may  be  of  fufficient 
intereft  to  lead  to  further  inquiry  and  ftudy  on  the  part  of  fome 
of  our  members. 

A fubjedt  of  great  intereft  and  importance,  which  has  not 
received  much  attention  from  Englifh  geologifts,  is  Petrology , 
including  under  that  term  the  ftudy  of  the  mode  of  formation, 
claffification,  chemical  and  mineralogical  compofition  of  rocks. 
On  none  of  thefe  fubjedts  have  we  a fatisfadtory  work  in  our 
language ; in  fadt,  the  ftudy  of  rock-maffes  is  quite  in  its  infancy 
m this  country,  the  attention  of  our  leading  geologifts  having 
been  hitherto  almoft  excluftvely  diredted  to  their  ftratigraphical 
relations,  and  the  ftill  greater  attractions  of  palaeontological 
refearch.  It  fhould  be  remembered,  however,  that  the  exiftence 
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of  geology  as  a true  fcience  is  of  fuch  recent  date  that  fome  of 
its  earlieft  profelfors  are  ftill  living  among  us  ; like  other  new 
fubjedls  of  inquiry,  it  has  fuffered  much  from  that  bane  of 
fcience,  hafty  generalization,  and  much  of  the  work  of  the  future 
will  confift  in  clearing  from  our  path  the  rubbilh  left  there  by 
fuch  theorifts  as  the  Neptunijls  and  Plutoni/ls  of  early  geological 
days.  If  the  members  of  thefe  rival  fchools  had  been  content 
with  theorizing,  no  great  harm  would  have  been  done  ; but  it 
unfortunately  happens  that  when  a man  is  poflefled  by  a ftrong 
theory,  he  is  apt  to  feledl  his  fails  : he  defcribes  things  as  they 
ought  to  be,  and  is  thus,  quite  unconfcioufly,  the  caufe  of 
deceiving  others  as  well  as  himfelf. 

We  have  all  read,  for  example,  of  the  fundamental  granite ; 
that  it  forms  the  axis  of  moll  mountain  chains,  and  fo  forth — but 
when  we  fearch  for  it,  it  is  not  to  be  found  in  nature ; in  fail, 
nearly  all  granite  is  known  to  be  of  more  recent  age  than 
thoufands  of  feet  of  fedimentary  rocks. 

The  queflion  of  the  origin  of  granite,  and  fome  other  fo-called 
igneous  rocks,  is  ftill  far  from  fettled.  There  is  clear  proof  in 
fome  cafes  of  their  igneous  origin,  while  others  plainly  indicate 
that  they  were  originally  aqueous  depofits  j and  I am  inclined  to 
believe,  therefore,  that  geologifts  will  ultimately  agree  with 
Profeftor  Haughton,  that  we  mull  abandon  the  igneous  as  the 
excluftve  theory  of  the  origin  of  granite.  When  a mafs  of  this 
rock  is  feen  to  be  intrufive,  and  to  fend  veins  into  the  adjacent 
formations,  it  mull  be  regarded  as  an  igneous  rock ; on  the  other 
hand,  when  it  is  not  intrufive,  but  is  clearly  interbedded  with 
fedimentary  depofits,  and  exhibits  in  itfelf  a bedded  ftru£lure  in 
the  mafs,  it  may  fairly  be  confidered  as  of  aqueous  origin — a 
gneiffic  rock,  in  fadl,  the  metamorphifm  of  which  has  been 
carried  a ftep  further. 

As  examples,  I fhould  fay  the  granites  of  Cornwall  and  the 
fouth-eaft  of  Ireland  are  igneous  rocks,  becaufe  they  have  broken 
through  and  altered  the  adjacent  Silurian  or  Devonian  ftrata ; 
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and  that  thofe  of  Donegal,  the  weft  of  Scotland,  and  the  Malvern 
Hills,  are  metamorphic  rocks,  becaufe  they  prefent  a ftratified 
ftrudlure,  are  not  intrufive,  and  are  interbedded  with  depofits  of 
fedimentary  origin.  Many  of  you  are  acquainted  with  the 
defcription  given  in  Siluria , of  the  ftru&ure  of  the  Malvern 
Hills,  viz.,  that  it  confifts  of  a central  eruptive  axis  of  igneous 
rocks,  flanked  on  both  Tides  by  highly  altered  fedimentary 
depofits,  which  gradually  become  harder  as  they  approach  the 
central  ridge.  Dr.  Holl  has,  however,  defcribed  thefe  hills  as 
compofed  of  a thick  feries  of  cryftalline  metamorphic  rocks, 
having  a general  ftrike  acrofs  the  chain  ; the  whole  having  been 
metamorphofed  and  difturbed  before  the  depofition  of  the  Lower 
Silurian  rocks,  which  are  feen  to  reft  on  the  upturned  edges  of 
the  former.  As  thefe  two  accounts  are  utterly  irreconcileable 
with  each  other,  one  of  the  two  at  leaft  muft  be  wrong ; and  I 
think  no  geologift,  with  an  unbiafled  mind,  who  had  examined 
the  diftricft,  would  hefitate  to  fay  that  the  former  is  completely  at 
variance  with  the  facfts.  It  fupplies,  therefore,  a good  illuftration 
of  a defcription  written  under  the  influence  of  a theory.  An 
obferver  paffing  along  the  chain  of  hills,  from  fouth  to  north, 
cannot  fail  to  perceive  that  he  is  croffing  a great  feries  of 
metamorphic  rocks,  fuch  as  hornblend-fchift,  mica-fchift,  and 
gneifloid  rocks  which  have  been  tilted  at  high  angles,  and  are 
occafionally  traverfed  by  trap  dykes  of  a later  age.  In  the  north 
hill,  the  rocks  certainly  have  a more  amorphous  and  granitoid 
ftru&ure,  but,  ftill,  the  original  bedding  can  frequently  be  made 
out. 

I have  colle&ed  fpecimens  of  the  various  rocks  from  all  the 
hills,  and  a microfcopical  examination  of  numerous  fecftions  fully 
confirms  the  evidence  obtained  in  the  field  as  to  their  fedimentary 
origin. 

The  queftion  of  the  origin  of  many  rocks  is  rendered  difficult 
by  the  fadf  that  they  have  all  undergone  more  or  lefs  alteration 
fubfequently  to  their  confolidation  ; a circumftance  which  deferves 


more  attention  than  it  has  hitherto  received.  It  has  been  long 
known  that  minerals  are  not  unfrequently  found  with  definite 
forms,  which  do  not  belong  to  the  fubftances  of  which  thofe 
minerals  now  confift ; and  the  origin  of  thefe  pfeudomorphs,  as 
they  are  called,  is  in  many  cafes  eafily  explained ; but  it  appears 
to  have  been  overlooked  by  mod  writers,  that,  if  fingle  cryftals 
can  be  completely  metainorphofed,  rock-maffes  may  alfo  be 
fimilarly  affecfted. 

That  fuch  changes  have  occurred  is  certain,  and  they  may  be 
detected  by  examining  thin  fedfions  of  rocks  with  the  polarizing 


microfcope;  for  thefe  pfeudomorphs  are  merely  aggregates  of 


i the  fa 


reeni 


mineral  matter,  which  has  been  depofited  fimultaneoully  with  the 
removal  of  that  which  poffeffed  the  original  cry ftal- form.  And, 
as  I have  fhown  in  a former  paper,  the  acftion  of  fuch  a compound 
mafs  on  polarized  light  differs  extremely  from  the  uniform  adtion 
of  a fingle  cryftal  of  fimple  ftrucfture. 

The  chief  agent  in  the  production  of  thefe  changes  is, 
undoubtedly,  water.  To  whatever  depth  we  penetrate,  it  is  fftiliar 
invariably  prefent,  not  only  in  the  joints  and  fiffures,  but  per- 
meating the  folid  rock  itfelf.  You  are  all  familiar  with  the  fact,  fei 

that  ftones  juft  raifed  from  the  quarry  are  foft,  and  eafily  worked, 
fpme  are  almoft  plaftic,  but  fet,  and  become  harder  when  dry. 

Now  not  only  fandftones,  but  hard,  compact,  cryftalline  rocks 
alfo  contain  water  in  every  part.  Break  a piece  of  Rowley  bafalt 
from  a mafs  in  the  quarry,  and  you  will  find  that  it  lofes  water, 
and,  when  dry,  affumes  a lighter  colour.  The  occurrence,  how- 
ever, in  this  rock  of  cryftallized  carbonate  of  lime  and  hydrated 
filicates  called  zeolites,  affords  conclufive  proof  of  the  prefence  of 
water  containing  various  fubftances  in  folution.  Some  of  thefe 
old  Plutonic  rocks,  and  efpecially  the  amygdaloidal  traps,  were 
originally  fcoriaceous  or  cellular,  like  the  lavas  of  recent  volcanos, 
but  are  now  frequently  found  to  be  folid  throughout,  the  cavities 
having  been  gradually  filled  up  by  the  fubfequent  infiltration  of 
mineral  matter  held  in  folution.  Many  of  my  fecftions  exhibit 
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this  very  clearly ; they  demonftrate,  moreover,  that  thefe  extra- 
neous minerals  have  been  depofited  in  fucceflive  layers,  and  that 
occafionally  thefe  layers  vary  in  mineralogical  compofition. 

As  the  temperature  increafes  with  the  depth,  fo  may  the 
quantity  of  falts  held  in  folution  ; and  when  a high  temperature 
is  attained,  the  chemical  adlion  exerted  on  the  rocks  muft  be 
greatly  incfeafed.  When,  therefore,  we  confider  that  moft  rocks 
(in  fadt,  all  igneous  rocks)  are  compofed  of  filicates,  and  that 
fuch  compounds  are  readily  added  on  by  alkaline  carbonates,  and 
by  water  containing  carbonic  acid,  we  perceive  that  at  all 
depths  conditions  exist  which  are  more  or  less  favourable  to  the 
produdtion  of  chemical  changes,  and  the  development  or  removal 
of  minerals. 

Perhaps  it  would  be  difficult  to  produce  a better  illuftration 
of  thefe  changes  than  that  afforded  by  the  <c green  rock  ” of  our 
coal  field.  It  is  a dolerite,  differing  only  from  the  “ Roivley  rag” 
in  the  fadd  that  it  generally  contains  a greater  proportion  of  a 
peculiar  green  mineral,  which  is  in  moft  cafes  clearly  a fecondary 
formation.  The  rock  in  queftion  occurs  in  extenfive  fheets 
between  the  coal  meafures,  and  I have  invariably  found  that  it 
has  been  greatly  altered  near  its  jundtion  with  the  coal  or  fhales  ; 
the  alteration  extending  from  both  furfaces  inwards  towards  the 
centre.  In  cutting  through  one  of  thefe  fheets,  the  central  por- 
tion is  feen  to  be  a dark  green  cryftalline  rock,  but  on  approaching 
either  furface  it  gradually  becomes  fofter,  is  dull  in  appearance, 
affumes  a lighter  colour,  and  when  within  a foot  or  fo  of  the  fhale 
it  is  nearly  white.  When  this  part  of  the  rock  is  examined  under 
the  microfcope,  it  is  found  that  the  green  mineral  and  the  augite 
have  been  more  or  lefs  completely  removed,  and  replaced  by 
carbonate  of  lime  or  other  minerals,  and  that  the  felfpar  is  alfo 
partially  decompofed. 

We  have  feen,  then,  that  water  has  played  an  important  part 
in  altering  both  rocks  and  minerals,  and  we  alfo  know  that  the 
fame  element  has  been  prefent  during  the  formation  of  true 


igneous  rocks,  for  we  find  it  in  the  quartz  of  intrufive  granite, 
and  in  the  cavities  of  minerals  ejedted  from  Vefuvius.  That 
it  is  an  important  agent  in  the  eruptions  of  active  volcanos  is 
well  known  to  all  obfervers,  and  I am  not  aware  of  the  exiftence 
of  any  evidence  whatever  in  favour  of  the  notion  of  a dry  igneous 
fufion  — it  does  not  exift  in  nature.  Time,  however,  will  not 
allow  me  to  purfue  this  interefting  fubjedt  any  further;  and  I will 
now  only  add,  that  on  this  as  on  moll  fubjedts,  the  extreme  men 
on  both  fides  appear  to  be  wrong,  and  that  to  the  combined 
operation  of  heat,  water,  and  chemical  adtion,  modified  by  preflure, 
is  to  be  attributed  the  origin  of  fome  of  the  granites,  and  the 
metamorphifm  of  the  cryftalline  fchifts.  I will  venture  to  add  my 
belief  that  much,  if  not  the  whole,  of  the  difference  now  found 
to  exift  between  the  fo-called  Plutonic  and  the  volcanic  rocks,  is 
due  to  the  pfeudomorphic  adtion  to  which  the  former  have  been 
expofed  during  the  long  periods  which  have  elapfed  fince  their 
original  formation.  A microfcopical  examination  of  many  rocks  i] 
has  already  fupplied  me  with  fatisfadirory  evidence  on  this  point, 
but  much  remains  to  be  done ; and  at  fome  future  time  I hope 
to  lay  before  you  the  refult  of  further  inveftigations. 

Having  recently  called  your  attention  to  the  importance  of 
submitting  rocks  to  microfcopical  examination,  I will  now  only 
repeat  that,  by  no  other  known  method  can  a corredt  knowledge 
be  gained  of  the  mineralogical  conftitution  of  the  compact  or 
fine-grained  varieties  ; and  even  as  to  the  coarfe-grained  rocks,  of 
which  the  chief  conftituent  minerals  are  perceptible  to  the  un- 
aided eye,  there  are  many  important  fadts  to  be  learned.  I have 
made  many  hundred  fedlions  of  rocks  and  minerals,  and  have  very 
frequently  detedfed  in  them  numerous  minute  cryftals  of  various 
kinds,  and  cavities  containing  both  fluid  and  cryftals;  occasionally 
they  are  so  abundant  as  to  form  an  appreciable  proportion  of  the 
fpecimen,  fufficient  probably  to  account  for  fome  of  the  dis- 
crepancies found  in  chemical  analyfis.  Thefe,  and  many  other 
fadis  relating  to  ftrudfure  and  pfeudomorphifm,  can  only  be 
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ftudied  with  the  aid  of  the  microfcope,  and  the  time  cannot  be  far 
diftant  when  the  geologift  and  mineralogift  will  find  that  inftru- 
ment  as  indifpenfable  to  him  as  it  has  long  been  to  the  botanift 
and  zoologift. 

Perhaps  one  of  the  moft  interefting  and  unexpe&ed  refults 
of  modern  geological  refearch  is  the  evidence  we  now  have  of 
former  changes  of  climate  in  the  northern  and  fouthern  hemi- 
fpheres.  Whether  fimilar  changes  have  occurred  in  the  tropical 
regions  is,  I think,  extremely  doubtful,  notwithftanding  the  very 
pofitive  affertions  of  ProfefTor  Agaffiz  that  he  has  obtained  decifive 
proof  of  glacial  aCtion  in  many  parts  of  Brazil,  and  even  nearly 
under  the  equator.  I am  well  acquainted  with  some  of  the  depofits 
which  he  calls  glacial  drift,  and  to  my  mind  they  prefent  characters 
utterly  unlike  thofe  belonging  to  glacial  depofits  on  this  fide  the 
Atlantic.  He  even  fuppofes  that  the  valley  of  the  Amazon  has 
been  fcooped  out  by  an  enormous  glacier  defcending  from  the 
Andes.  In  fhort,  the  American  profeffor  made  fo  many  wonderful 
difcoveries  in  that  river  in  fo  very  fhort  a time,  that  naturalifts 
with  moderately  developed  imaginative  powers  would  rather  like 
to  fee  them  confirmed  before  adopting  them  as  articles  of  belief. 

The  prevalence  of  a glacial  period  at  the  clofe  of  the  tertiary 
and  in  the  early  part  of  the  poft-tertiary  periods  has  been  eftab- 
lifhed  on  evidence  of  the  moft  fatisfadlory  chara&er.  Over  the 
whole  of  Europe  as  far  fouth  as  lat.  50°,  and  in  North  America  to 
lat.  40°,  are  to  be  found  boulders  or  large  angular  fragments  of 
rocks,  together  with  extenfive  depofits  of  gravel,  fand,  and  clay. 
This  glacial  drift  is  fpread  in  irregular  patches  over  the  greater  part 
of  thefe  iflands,  over-lying  rocks  of  every  age,  from  the  lateft 
tertiary  to  the  loweft  Cambrian,  and  has  been  obferved  at 
various  heights,  from  the  prefent  fea  level  up  to  an  elevation  of 
2,000  feet,  in  North  Wales.  As  regards  the  duration  of  this  cold 
period,  there  is  good  evidence  to  fhow  that  it  came  on  gradually, 
continued  through  a long  feries  of  ages,  and  then  paffed  away  as 
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gradually  as  it  came  on.  In  order,  however,  to  obtain  a correct 
idea  of  the  nature  and  extent  of  the  changes  which  have  taken 
place  in  the  climatal  conditions  of  this  part  of  the  world,  it  will 
be  neceflary  to  go  back  a ftep  or  two  in  geological  time  ; and  as  I 
fhall  prefently  call  your  attention  to  fome  interefting  difcoveries  in 
beds  of  miocene  age,  it  will  be  well  to  notice  briefly  the  charadter 
of  the  fauna  and  flora  exifting  at  that  period,  as  well  as  fome  of 
the  phyfical  conditions  which  then  prevailed. 

At  Bovey  Tracey  in  Devonfhire,  in  the  Ifland  of  Mull  and  the 
N.E.  of  Ireland,  and  more  extenfively  on  the  Continent,  we  find 
a feries  of  ftrata  of  the  miocene  or  middle  tertiary  formation. 
Foflil  remains  are  abundant,  and  as  some  are  marine  and  others 
of  frefti  water  origin,  we  have  fatisfadtory  evidence  as  to  the 
charadter  of  the  plants  and  animals  then  exifting.  The  marine 
mollufca  are  fuch  as  are  now  found  in  fouthern  latitudes,  while  in 
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the  frefh  water  beds  of  Auvergne,  &c.,  there  are  the  remains  of  at  jj  fc  From 
leaft  ioo  fpecies  of  mammalia,  including  the  elephant,  giraffe,  hippo-  i 
potamus,  &c.,  and  aflociated  with  them  are  fome  large  crocodiles 
and  tortoifes.  Remains  of  the  quadrumana  have  alfo  been  found, 
one  of  which,  the  dryopithecus,  belonging  to  the  family  of  long- 


armed  apes,  muft  have  equalled  a man  in  ftature.  Large  colledtions  ‘ btiarj, 
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of  foflil  plants  have  alfo  been  made  from  beds  of  this  age,  and  the 
evidence  afforded  by  the  charadter  of  the  entire  fauna  and  flora  is 
decifive  as  to  the  prevalence  of  a warmer  climate  than  that  now 
belonging  to  the  fame  latitudes. 

During  the  fame  period  the  general  phyfical  conditions  of  this 
part  of  Europe  differed  as  widely  from  thofe  which  now  obtain  as 
did  the  plants  and  animals. 

It  was  a period  of  intenfe  igneous  adtivity  in  the  regions  now 
forming  Central  France,  Germany,  Hungary,  the  North  of  Ireland, 
and  Scotland.  Some  of  the  volcanic  cones  and  lava-streams  of 
Auvergne  (of  which  we  have  recently  had  fo  vivid  a defcription 
by  one  of  our  members)  belong  to  this  age,  for  it  has  been  found 
that  fubfequently  to  the  depofition  of  the  lower  beds  of  the  frefh 
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vater  formation  above  referred  to,  eruptions  broke  out,  lava  and 
ihes  were  fpread  over  them,  and  in  the  upper  part  of  the  feries, 
ieds  of  lacuftrine  origin  frequently  alternate  with  fheets  of  lava  or 
olcanic  allies.  To  this  age,  alfo,  belong  the  basalt  of  the  Giant’s 
Daufeway,  and  other  great  maffes  of  igneous  rock  in  the  north  of 
reland,  the  Hebrides,  and  the  weft  coaft  of  Scotland.  Mr.  Geikie 
nd  others  have  fhown,  that  the  long  chain  of  bafaltic  rocks, 
xtending  at  irregular  intervals  from  the  fouth  of  Antrim  along 
he  weft  coaft  of  Scotland  to  the  Faroe  Iflands,  were  all  erupted 
luring  a long  interval  in  the  later  tertiary  period,  miocene  plants 
laving  been  found  under  the  bafalt  at  Ardtun  Head  in  Mull,  near 
Antrim  in  Ireland,  and  other  places.  That  there  was  a long 
ontinuance  of  the  volcanic  adtion  is  certain  from  the  great 
hicknefs  of  the  fucceffive  fheets  of  igneous  matter,  which  in  one 
mountain  alone,  Ben  More,  reach  a height  of  more  than  3,000 
eet.  From  this  great  volcanic  ridge  hundreds  of  trap  dykes 
iverge  in  a fouth  eafterly  direction,  becoming  fewer  as  the 
iftance  from  that  mafs  increafes,  yet  extending  to  the  coaft  of 
forklhire.  They  cut  through  all  the  formations  up  to  and  in- 
luding  the  chalk,  and  even  traverfe  the  older  portions  of  the 
ertiary  volcanic  rocks. 

Extenfive  depofits  belonging  to  the  pliocene  divifion  of  the 
ertiaries  are  found  in  Norfolk,  Suffolk,  and  Effex,  where  they  are 
mown  as  the  coraline,  red,  and  Norwich  crag.  They  contain  an 
xtenfive  feries  of  foffil  remains,  which  exhibit  clear  proof  of  a 
;radual  change  in  the  climate  during  the  depofition  of  the  fuccef- 
ive  beds ; for  in  the  loweft  ftrata,  Mediterranean  and  other 
outhern  fhells  greatly  predominate,  while  in  the  upper  beds  thefe 
lifappear,  and  ardtic  forms  take  their  place.  Not  to  trouble  you 
vith  details,  I may  fay  that  there  is  now  fatisfadlory  evidence  to 
how,  that  from  the  eocene  to  the  miocene  period,  the  now 
temperate  regions  of  the  northern  hemifphere  enjoyed  a warm 
dimate,  and  that  many  of  the  plants  and  animals  were  fimilar  to 
-hofe  which  are  now  charadteriftic  of  fub-tropical  countries  ; that 
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during  the  pliocene  period  there  was  a gradual  diminution  of 
temperature,  and  that  fubfequently  the  fame  regions  were  expofed 
for  unnumbered  ages  to  the  rigours  of  an  exceedingly  cold  climate. 

During  the  long  pre-glacial  warm  period,  what  was  the 
climate  of  the  polar  regions  ? That  is  a queftion  which  could 
not  have  been  anfwered  a fhort  time  ago.  Recent  difcoveries 
have,  however,  revealed  to  us  the  unexpefted  fadl  that  the  polar 
regions  themfelves  have  been  fubjedt  to  fimilar  viciffitudes  of 
climate.  For  this  interefting  refult  we  are  mainly  indebted  to 
Profeffor  Heer,  of  Zurich,  who  has  defcribed  a large  number  of 
foffil  plants  from  the  north  of  Canada,  Banldland,  North 
Greenland,  Iceland,  and  Spitzbergen.  Still  more  recently,  Mr. 

Whymper  has  given  the  refults  of  a journey  undertaken  by  him  to  Biiiantic,  in  kit 
North  Greenland  in  the  fummer  of  1867,  the  objedt  of  which  I plence of  ice ; 
was  to  collect  information  on  the  geology  and  natural  hiftory  of 
the  coaft. 

The  region  in  which  thefe  invefligations  have  been  carried  on 
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extends  from  about  67°  to  79 0 north  latitude.  In  thefe  Polar  i icebergs,  loir 


regions  there  are  now  no  trees  to  be  found,  67°  being  their 


northern  limit.  Northern  Greenland  is  covered  by  an  enormous 
glacier,  leaving  only  a narrow  ftrip  of  coaft  free  from  ice ; during 


the  fhort  fummer  this  glacier  fends  into  the  ocean  every  year 
hundreds  of  icebergs,  which  are  carried  by  a fouth-weft  current 
to  the  coafts  of  Labrador  and  Newfoundland.  During  the 
miocene  period,  the  climate  of  thefe  fame  ardtic  regions  was  of 
a totally  different  charadter.  Where  a few  ftunted  fhrubs,  with 
mofles  and  lichens,  are  now  the  prevailing  forms,  the  land  was 
then  covered  with  luxuriant  forefts,  in  which  flourifhed  many 
fpecies  of  large-leaved  oaks,  the  poplar,  birch,  and  walnut; 
numerous  fpecies  of  the  fir  tribe,  and  trees  allied  to  the  cyprefs 
were  alfo  common.  Even  plane  trees,  the  lime,  and  magnolia 
have  been  found  in  Spitzbergen  in  lat.  78°,  trees  which  are  now 
only  feen  in  the  warmer  parts  of  the  temperate  zone.  Of  climbing 
plants,  there  is  a fpecies  of  ivy  and  three  kinds  of  vines,  while 
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at  leaft  nine  large  ferns  have  left  their  remains  in  beds  which 
are  now  covered  by  fields  of  ice  and  fnow. 

Many  ingenious  hypothefes  have,  from  time  to  time,  been 
advanced  to  account  for  thefe  great  changes  of  climate.  One 
author  fuggefts  a difplacement  of  the  poles,  another  the  pafiage 
of  our  folar  fyftem  through  regions  of  varying  temperature,  and 
now  Mr.  Croll  maintains  that  the  explanation  is  to  be  found  in 
the  periodical  variations  in  the  eccentricity  of  the  earth’s  elliptical 
orbit. 

Before  reforting  to  great  cofmical  changes,  it  will  be  well  to 
remember  that  the  glacial  period  Bill  exifts,  and  that  boulders 
and  boulder  clay  are  ftill  being  depofited  along  the  bottom  of  the 
Atlantic,  in  latitudes  as  far  fouth  as  thofe  in  which  we  have 
evidence  of  ice  atftion  during  the  glacial  epoch  itfelf.  It  is  well 
known  that  a great  ardlic  current  runs  in  a fouth-wefterly 
dire&ion  from  Spitzbergen  to  Greenland,  and  thence  along  the 
coaft  of  Newfoundland ; it  carries  with  it  immenfe  numbers 
of  icebergs,  fome  of  which  have  been  feen  as  far  fouth  as 
lat.  36°.  Thefe  icebergs  are  portions  of  glaciers,  and  have  been 
feen  loaded  with  large  ftones,  gravel,  &c.,  which  of  courfe  fink 
to  the  bottom  as  the  berg  melts.  The  region  of  the  Atlantic 
between  440  and  520  weft,  and  from  40°  to  50°  northwards,  is 
never  wholly  free  from  heavy  ice,  fo  that  portion  of  the  fea  mull 
be  continually  receiving  drift  depofits  refembling  in  character 
thofe  on  the  prefent  dry  land. 

That  climate  depends  to  a very  great  extent  on  the  direction 
of  ocean  currents  is  evident,  from  the  great  difference  which 
exifts  in  the  temperature  of  places  in  the  fame  latitude,  but  on 
oppofite  fides  of  the  Atlantic.  Mr.  Campbell,  for  example,  ftates 
that  the  average  temperature  of  Sydney,  in  Nova  Scotia,  may 
be  taken  at  410;  it  is  near  the  latitude  of  Rochelle,  where  the 
average  temperature  is  550.  The  appearance  of  the  country 
coincides,  he  fays,  with  the  climate — “ It  is  very  like  Norway, 
very  unlike  La  Rochelle  in  funny  France.”  The  reafon  of  the 
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marked  difference  in  the  vegetation  is  the  climate,  and  that  refults 
from  the  direction  of  the  ardlic  current,  which  brings  a flotilla 
of  ice  that  never  ends.*  We  fee  then  that  the  ardlic  current 
carries  with  it  a cold  climate,  while  the  Gulf  Stream,  running 
in  a north-eafterly  diredlion  acrofs  the  Atlantic,  carries  the  warm 
waters  of  the  tropical  regions  to  the  north-weft  ftiores  of  Europe. 
It  is  evident,  therefore,  that  with  fuch  a diftribution  of  fea  and 
land  as  would  allow  the  Gulf  Stream  to  continue  its  original 

O 

wefterly  courfe,  we  fhould  have  a cold  climate  in  the  weft  of 
Europe.  In  other  words,  a fubfidence  of  the  Ifthmus  of  Panama 
to  the  extent  of  a few  hundred  feet  only,  would  caufe  the  warm 
waters  of  the  Gulf  Stream  to  flow  on  into  the  Pacific,  and  we 
fhould  be  deprived  of  our  prefent  exceptionally  mild  climate. 
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It  has  been  long  known  that  thefe  great  phyfical  changes 
have  been  accompanied  by  correfponding  variations  in  the  organic 
world  ; and  as  the  exiftence  of  plants  and  animals  greatly  depends 
on  the  external  conditions  by  which  they  are  furrounded,  we 
might  be  able  to  explain  many  facts  connedted  with  the  dying 
out  of  fome  forms,  and  their  replacement  by  others,  if  we  could 
trace  back  the  entire  feries  of  changes  which  have  taken  place. 
Unfortunately  this  cannot  be  done,  owing  to  the  extreme  im- 
perfedtion  of  the  geological  record.  It  is  Angular  that  the 
fragmentary  charadter  of  the  geological  feries  of  ftrata  fhould 
have  been  fo  generally  overlooked.  It  has,  however,  been  recently 
much  infilled  on  by  many  writers ; and  I have  not  feen  a more 
concife  or  forcible  ftatement  of  the  fadt  than  is  to  be  found  in- 
a paper  by  Mr.  Croll  in  the  Philofophical  Magazine  for  November 
laft,  in  which  he  endeavours  to  prove  the  exiftence  of  feveral 
glacial  periods,  although  they  may  have  left  no  traces  in  the 
exifting  rocks.  He  fays,  “ The  records  of  geology  in  regard  to 
former  glacial  epochs  are  not  only  imperfedl,  but  this  imperfedtion 
follows  as  a neceffary  confequence  from  the  principles  of  geology 
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itfelf ; there  is  not  only  a want  of  records,  but  a reafon  in  the 
very  nature  of  geological  evidences  why  there  is  fuch  a want. 
It  is  on  a land-furface  that  the  principal  traces  of  the  action  of 
ice  during  a glacial  epoch  are  left.  But  where  are  all  our  ancient 
land-furfaces  ? They  are  not  to  be  found.  The  total  thicknefs 
of  the  ftratified  rocks  of  Great  Britain  is  nearly  fourteen  miles. 
But  from  the  top  to  the  bottom  of  this  enormous  depofit  there 
is  hardly  a land-furface  to  be  found.  True,  there  are  patches 
of  old  land-furfaces  of  a local  character — as,  for  example,  the 
dirt  beds  of  Portland — but,  with  the  exception  of  the  coal  beds, 
every  general  formation  from  top  to  bottom  was  found  under 
water,  and  none  but  the  under  clays  ever  exifted  as  a land-furface. 
The  entire  ftratified  rocks  of  the  globe,  with  the  exception  of 
the  coal  beds  and  under  clays,  confift  almoft  entirely  of  a feries 
of  old  fea-bottoms,  with  here  and  there  a frefti  water  depofit. 
It  is  true  that  all  land-furfaces  once  exifted  as  fea-bottoms,  but 
the  ftratified  rocks  confift  of  a feries  of  old  fea-bottoms  which 
never  were  land-furfaces.” 

That  the  above  ftatements  are  correct,  will  not  I imagine  be 
denied,  and  I think  it  muft  be  evident  that,  if  we  have  no  old 
land-furfaces,  or  hardly  any  frefti  water  formations  in  the  older 
rocks,  we  cannot  poflibly  have  any  adequate  idea  of  the  extent  or 
character  of  the  fauna  and  flora  which  inhabited  the  dry  land 
during  the  formation  of  the  long  feries  of  fea-bottoms  : we  may 
poflefs  evidence  of  the  exiftence  of  mammals  and  birds  as  far  back 
as  the  triaflic  period,  but  the  extreme  rarity  of  their  remains,  and 
the  wide  intervals  between  their  fucceflive  appearances,  fupply 
additional  proof  of  the  fragmentary  character  of  the  record. 

For  example,  the  firft  evidence  we  have  as  yet  of  the  exiftence 
of  mammalia,  is  in  the  new  red  fandftone,  in  one  of  the  upper 
beds  of  which  a few  teeth  have  been  found ; palling  the  lias  and 
the  lower  oolite,  we  have  four  fpecies  in  the  great  oolite,  and  then 
in  the  purbeck  beds  of  frelh  water  origin  we  fuddenly  meet  with 
no  less  than  fourteen  fpecies,  the  whole  of  which  have  been 
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obtained  from  an  area  lefs  than  500  fquare  yards  in  extent,  and 


from  a fingle  ftratum  only  a few  inches  thick.  Were  it  not 
therefore  for  this  one  thin  bed  we  Ihould  have  no  evidence  what- 


ever of  the  exiftence  of  mammalia  throughout  all  the  long  period 


between  the  great  oolite  and  the  lower  tertiary.  We  find  in  faCt, 
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that  the  prefervation  of  a few  inches  of  marl  has  fupplied  us  with 
more  evidence  as  to  the  inhabitants  of  the  dry  land,  than  the 
whole  of  the  fecondary  rocks  put  together. 
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of  fpecies  ought  in  fairnefs  to  acknowledge  that  the  general 
abfence  of  fuch  forms  is  no  proof  whatever  that  they  never 


found,  and  the  opponents  to  Mr.  Darwin’s  views  of  the  origin  Bffonentot  Mr.  D. 

his  early  relearches  fubfequen 

Is  of  extenfive,  patient,  ai 

exifted,  yet  this  is  one  of  the  flock  arguments  invariably  urged  ,i|  hayed  with  me  in  rejecting  the 
againft  the  theory  of  defeent  with  variation  from  preexifting  forms. 
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fupport  from  geology,  but  like  moft  of  the  objections  hitherto 
put  forward,  it  is  founded  on  ignorance  of  the  facts,  or  difinclina- 
tion  to  recognize  them.  Every  palaeontologift  knows  that  numerous 
connecting  links  have  been  difeovered,  the  number  is  continually 
increafing,  and  there  can  be  no  reafonable  doubt  that,  as  attention 
is  now  fpecially  devoted  to  the  fubjeCt,  there  will  foon  be  fuch  an 
accumulation  of  evidence  as  will  effectually  difpofe  of  that  part 
of  the  queftion.  To  a portion  of  that  evidence  I will  now  afk 
your  attention.  In  i860,  Profeffor  Owen  publifhed  his  work 
on  Palaeontology,  and  in  that  portion  devoted  to  the  mammalia, 
he  deferibes  the  great  Irilh  elk  as  a true  deer,  intermediate  be- 
tween the  fallow  and  reindeer.  The  cervus  martialis,  he  alfo 
fays,  feems  to  have  been  an  intermediate  form  between  the  rein- 
deer and  the  elk.  Again,  fpeaking  of  the  mammalian  life  of 
the  miocene  period,  he  fays,  “One  or  two  of  the  generic  forms 
moft  frequent  in  the  older  tertiary  ftrata  ftill  lingered  on  the  earth, 
but  the  reft  of  the  eocene  mammalia  had  been  fuperfeded  by 
new  forms,  fome  of  which  prefent  characters  intermediate  be- 
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tween  thofe  of  eocene  and  thofe  of  pliocene  genera.”  Here  and 
elfewhere  he  alfo  repeatedly  calls  attention  to  numerous  inftances 
of  a more  generalifed  charadler  of  organization  in  the  extindl 
animals,  as  compared  with  the  more  fpecialifed  forms  of  exifting 
fpecies. 

In  the  laft  volume,  juft  publifhed,  of  his  work  on  the  anatomy 
of  the  vertebrates,  there  is  ftill  further  evidence  in  fupport  of  the 
docftrine  of  derivation  ; and  I will  requeft  your  attention  for  a 
moment  to  a brief  ftatement  of  his  opinions  on  this  point,  as  he 
is  on  matters  of  minor  importance  a rather  bitter  and  unfair 
opponent  of  Mr.  Darwin.  After  referring  to  his  ftudies  in  Paris 
and  his  early  refearches  fubfequently  to  his  return,  he  fays,  “Thefe 
refults  of  extenfive,  patient,  and  unbiafled  inductive  refearch 
fwayed  with  me  in  rejecting  the  principle  of  direcft  or  miraculous 
creation,  and  in  recognizing  a natural  law  or  fecondary  caufe  as 
operative  in  the  production  of  fpecies  in  orderly  fucceftion  and 
progreffion.”  Cuvier,  he  informs  us,  held  that  fpecies  were  not 
permanent,  and  taught  this  truth  as  a fact  eftablifhed  inductively 
on  a wide  and  well  laid  bafts  of  obfervation  ; he  alfo  held  that 
fpecies  were  made  to  alter  by  fmall  degrees,  and  that  therefore 
traces  of  fuch  gradual  modifications  were  due  from  the  foffil 
world.  You  ought,  he  faid,  to  be  able  to  ftiow  the  intermediate 
forms  between  the  palaeotherium  and  exifting  hoofed  quadrupeds. 

The  progrefs  of  palaeontology  fince  that  time  has  brought 
to  light  many  of  thefe  miffing  links,  and  among  them  no  lefs 
than  five  have  been  difcovered  which  connect  palaeotherium  with 
the  horfe. 

The  eocene  palaeotherium  is  allied  to  the  exifting  tapir  and 
rhinoceros,  but  is  feparated  by  a wide  interval  from  the  now 
lfolated  group  to  which  the  horfe  and  afs  belong;  but  the  difcovery 
of  three  foffil  genera  and  feveral  fpecies  of  intermediate  forms  has 
enabled  us  to  connect  the  two  groups  by  a regular  feries  of 
gradations. 

Profeflor  Owen  defcribes  the  variations  between  the  feveral 
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forms,  and  after  (howing  that  the  intermediate  gradations  are 
fufficient  to  eftablifh  a paflage  from  the  one  into  the  other,  he 
fays,  “thus  amply  and  fatisfactorily  has  been  fulfilled  Cuvier’s 
requfition  of  1821.”  Of  equal  importance  with  the  difcovery  of 
thefe  foffils,  is  the  order  in  which  they  occur,  for  they  did  not 
exit  as  fpecies  during  the  fame  periods  of  time.  Mr.  Owen  fays, 
“The  fingle-hoofed  horfe  family  cannot  be  traced  further  back 
than  the  pliocene  period  : the  tridactyle  fpecies  have  not  been 


found  in  ftrata  earlier  than  the  miocene,  and  the  heavier  fhort- 
legged  fpecies  with  three  functional  hoofs  to  each  foot,  belong 


to  upper  and  middle  eocenes.  Thus  the  fucceffion  in  time  accords 
with  the  gradational  modifications  by  which  palaeotherium  is 
linked  on  to  equus.”  “If,”  he  continues,  “the  alternative  — 
fpecies  by  miracle  or  by  law?  — be  applied  to  thefe  forms,  I 
accept  the  latter  without  mifgiving,  and  recognize  fuch  law  as 
continuoufly  operating  throughout  tertiary  time.” 

Such,  gentlemen,  are  the  opinions  of  Profeflor  Owen.  I have 
been  careful  to  lay  them  before  you,  as  they  exprefs  the  mature 


convictions  of  an  acknowledged  leader  of  the  safe,  orthodox  fchool 
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of  Britifh  naturalifts. 

If  Owen  has  proved  the  former  exiftence  of  fpecific  and 
generic  connecting  links,  Mr.  Huxley  has  lately  fhown  that  even 
the  wide  gap  exiting  between  the  now  diftinct  elates  of  birds 
and  reptiles  may  partly  be  filled  up.  The  queftions  which  he  fet 
himfelf  to  anfwer  were — 1.  Are  any  foffil  birds  more  reptilian 
than  any  of  thofe  now  living  ? 2.  Are  any  foffil  reptiles  more 


bird-like  than  living  reptiles  ? He  then  proceeded  to  demonftrate 
that  as  a matter  of  fact  the  oldeft  known  bird  does  exhibit  a clofer 


approximation  to  reptilian  ftructure  than  any  modern  bird.  And 
he  alfo  proved  that  many  of  the  extinct  reptiles  were  more  like 
birds  than  any  now  living.* 

It  would  be  eafy  to  add  many  more  inftances  of  thefe  con- 
necting links,  but  my  object  is  fimply  to  Ihow  that  fuch  forms 
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are  now  well  known,  and  that  confequently  an  objection  which 
would  be  fatal  if  eftablifhed,  has  not  a fhadow  of  foundation  in 
fadt. 

The  evidence  which  I have  now  laid  before  you  has  been 
derived  from  a careful  ftudy  of  the  comparative  anatomy  of  recent 
and  foffil  fpecies,  and  is  therefore  the  mod  fatisfadtory  we  can 
have,  but  it  is  by  no  means  the  only  evidence ; and  I regret  that 
I can  do  no  more  than  glance  for  a moment  at  the  interefting 
fubjedl  of  the  geographical  diftribution  of  animals.  It  is  now  well 
known  that  the  animals  whofe  remains  are  found  in  the  upper 
tertiary  and  poft-tertiary  rocks  are  in  all  parts  of  the  world  clofely 
allied  to  thofe  now  living  in  the  fame  regions.  Many  of  you  know 
this  to  be  the  cafe  in  the  old  world  area  ; and  in  countries  poffefiing 
fuch  peculiar  faunae  as  South  America,  Auftralia,  or  New  Zealand, 
the  fadts  are  precifely  the  fame.  In  South  America  at  the  prefent 
day  we  find  floths,  armadillos,  ant  eaters,  &c. ; and  in  the  neweft 
tertiaries  the  great  floth-like  animal  the  megatherium,  and  the  great 
armadillo  the  glyptodon,  &c.  Now  what  meaning,  I would  afk, 
have  thefe  fadts  ? Can  they  receive  any  rational  explanation  except 
that  of  phyfical  connexion  by  defcent  in  the  ordinary  way. 

In  calling  your  attention  to  this  fubjedt,  I have  preferred  to 
lay  before  you  a few  well-afcertained  fadls,  rather  than  trouble 
you  with  a long  lift  of  opinions  of  many  writers,  for  this  is  not  a 
fubjedl  to  be  decided  by  authority.  I would  obferve,  however, 
that  when  we  find  thefe  views  adopted  by  men  who  have  rejedted 
the  fancies  of  Lamarck,  and  of  the  author  of  the  VeJHges  of 
Creation , by  men  of  the  higheft  intelledtual  powers,  who  have 
devoted  their  lives  to  the  ftudy  of  every  branch  of  natural  fcience, 
it  does  appear  to  me  to  favour  fomewhat  of  prefumption  on  the 
part  of  dilettanti  naturalifts,  who  treat  the  fubjedt  with  ridicule, 
and  ignore  all  fadts  which  do  not  accord  with  their  own  precon- 
ceived ideas  or  prejudices. 

The  queftion  of  the  origin  of  fpecies  is  one  of  the  moft  in- 
terefting that  can  occupy  the  attention  of  the  philofophical 
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naturalift,  and  it  is  impoflible  to  perufe  the  fcientific  literature 
of  the  day  without  obferving  the  great  influence  already  produced 
by  Mr.  Darwin’s  writings.  Differences  of  opinion  may  exift 
as  to  details,  but  it  is  well  known  that  the  great  majority  of  the 
moll  eminent  European  naturalifts  are  agreed  in  the  main  point, 
that  exifting  are  the  modified  descendants  of  clofely  allied  pre- 
exifting  fpecies.  Till  lately  this  queftion  of  the  origin  of  fpecies 
was  apparently  the  one  folitary  exception  to  the  refult  of  all 
modern  refearch,  viz.,  the  convi&ion  of  the  univerfal  dominion 
of  law  and  order,  but  it  now  affumes  its  proper  place  as  a branch 
of  true  indudfive  fcience. 

The  fubjedts  to  which  I have  referred  in  this  neceffarily 
imperfedt  fketch  may,  at  firft  fight,  appear  to  be  but  (lightly 
connected  ; yet  the  origin  and  ftrudture  of  rocks,  changes  of 
climate,  and  the  caufes  which  have  produced  the  wonderful 
variety  of  living  beings  by  which  we  are  furrounded,  form  but 
a part  of  the  many  branches  of  fcience  which  all  centre  in 
geology ; the  true  objedt  of  which,  be  it  remembered,  is  not  to 
difeover  the  origin  of  things,  but  fimply  to  afeertain  the  hiftory 
of  the  various  changes  that  have  taken  place  in  organic  and  in- 
organic nature.  One  great  lefl'on  to  be  learned  from  this  ftudy  ■fled  litt]e 
is  the  uniformity  and  permanence  of  the  laws  which  govern  the 
operations  of  nature.  In  the  entire  feries  of  rocks,  from  the 
molt  recent  to  the  oldeft  known,  there  is  nothing  anomalous, 
nothing  that  may  not  be  explained  by  procefles  ftill  in  operation. 

In  the  old  ftratified  rocks  ripple  marks  and  “ falfe-bedding  ” teach 
us  that  winds,  waves,  and  varying  currents  played  their  part  in 
the  arrangement  of  fand  and  mud  as  they  do  now,  and  even  the 
direction  of  the  driving  rain  may  ftill  be  feen  in  the  Iharply 
defined  impreflions  on  many  fandftones.  The  ftudy  of  geology 
and  the  collateral  fciences  has  contributed  greatly  to  ftrengthen 
the  conclufions  to  which  all  fcientific  opinion  is  now  tending, 
viz.,  the  unity  of  fcience,  and  the  uniformity  and  continuity  of 
natural  law ; the  refult  of  every  new  phyfical  difeovery  being  to 
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connect  phenomena  which  were  previoufly  ifolated,  and  thus 
to  reduce  them  to  fome  fingle  principle  or  general  law. 

Such  has  been  the  refult  of  the  application  of  the  indudfive 
philofophy  to  the  ftudy  of  natural  phenomena.  In  the  eloquent 
words  of  Macaulay,  “ It  is  philofophy  which  never  refts,  which 
has  never  attained,  which  is  never  perfect.  Its  law  is  progrefs. 
A point  which  yefterday  was  invifible  is  its  goal  to-day,  and  will 
be  its  ftarting-point  to-morrow.” 

It  now  only  remains  for  me  to  thank  you,  gentlemen,  with  all 
fincerity,  for  the  cordial  fupport  and  co-operation  which  I have 
invariably  received  during  the  paft  year.  To  my  fellow-officers, 
and  efpecially  to  our  indefatigable  fecretary,  I offer  my  warmeft 
thanks ; and  to  all  of  you  I feel  deeply  indebted  for  the  courtefy 
and  kindnefs  you  have  uniformly  difplayed  towards  me. 

Our  fociety,  though  planted  in  a fomewhat  ungenial  foil,  is 
healthy  and  flourilhing,  and  its  future  growth  and  progrefs  is 
certain  if  each  member  will  contribute  in  his  own  way  to  its 
fupport  and  advancement.  Up  to  the  prefent  time  one  of  its 
mod  agreeable  charadleriftics  has  been  an  entire  abfence  of  thofe 
wretched  little  perfonal  jealoufies  which  have  ruined  fo  many 
other  affociations.  Whatever  may  be  our  fhortcomings  in  other 
refpedls,  we  are  at  any  rate  free  from  that  fatal  defedf  ; and  with 
a little  more  fyftematic  and  original  work  on  the  part  of  our 
members,  there  is  no  reafon  why  we  fhould  not  maintain  a good 
pofition  as  a fcientific  fociety : we  are,  I think,  making  fair 
progrefs,  and  on  retiring  from  office,  I have  the  fatisfadlion  of 
knowing  that  my  fucceffor  is  a warm  and  adtive  friend  of  our 
caufe,  far  more  able  than  myfelf  to  prefide  at  our  meetings,  and 
whofe  chief  charadteriftic  is,  that  whatever  he  undertakes  to  do 
he  does  well. 
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